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(57) ABSTRACT

An object of the invention 1s to provide a thermal air flowme-
ter which can reduce a detection error occurring during pul-
sating air flow due to a difference of response between rising
and falling of detected tlow or due to air flow dependence of
response. A thermal air flowmeter 1 includes a heat-generat-
ing resistor 7 which heats liquid, a heating drive circuit 5
which causes current to flow 1n the heat-generating resistor 7
and thereby controls heating of the heat-generating resistor 7,
and a temperature-sensitive resistor 9 which detects a tem-
perature of the fluid heated by the heat-generating resistor 7.
The thermal air flowmeter 1 detects a tlow Q of the liquid
based on the amount of heat of the liqmd heated by the
heat-generating resistor 7. Further included are: tlow correc-
tion value calculating means 17 which calculates a flow cor-
rection value ca based on a variation d()/dt of the detected
flow Q and on a flow correction coellicient a set dependent on
the detected flow Q; and flow correction means 18 which
corrects the detected flow Q based on the flow correction
value ca.
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1
THERMAL AIR FLOWMETER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to thermal air flowmeters
which measure a flow of gas (air), and more particularly to a
thermal air flowmeter suitable for detecting a flow of air
sucked 1nto the engine of an automobile.

2. Background Art

Examples of conventional flowmeter for air sucked into the
engine of an automobile include: a system, as described 1n JP
Patent Publication (Kokai) No. 2003-185481 A, which
detects a heating control current value of a heat-generating
resistor and converts the value 1nto a flow of air; and a system
which detects, as a temperature difference signal, a thermal
cifect on temperature-sensitive resistors arranged upstream
and downstream of a heating register and captures the signal
as a voltage of a bridge circuit.

Further, JP Patent Publication (Kokai) No. 11-351938 A
(1999) proposes an approach which applies separate correc-
tions to rising and falling characteristics with respect to an
output response appearing 1 a thermal air flowmeter and
thereby reduces a response difference occurring in the detec-
tion element.

SUMMARY OF THE INVENTION

However, 1n actual vehicle environments 1n which these
thermal air flowmeters are installed and used, there occurs a
pulsating air flow synchronized with the rotating speed of
engine. In such a non-steady state, also, the detected air flow
average value must correspond to a tlow of air actually sucked
into the engine; but an error may occur due to the following
factors.

(1) Response delay dependent on thermal capacitance of a
detection element

(2) Response difference between rising and falling of flow

(3) Response depending on air flow because of the amount of
heat transmitted from the detection element to air depend-
ing on air flow

Factor (1) depends on the size and thermal insulation of the
detection element, but there are limits to the extent of down-
s1zing. Thus response delay occurs to no small extent.

Factor (2) has been addressed by the above conventional
example. However, with only this measure, the pulsing phe-
nomenon 1n the actual engine cannot be properly captured.

Factor (3) has not been addressed.

In this way, in thermal air flowmeters, due to a response
difference between rising and falling of flow or to air flow
dependence of the response, there occurs an error of flow
(detected flow) detected during pulsating air flow. In such a
non-steady state, in order to control the engine with high
accuracy, the detected air flow average value must correspond
to a flow of air actually sucked into the engine.

Thus, to solve the above problems, the present invention
has been devised and has an object to provide a thermal air
flowmeter which can reduce a detection error occurring dur-
ing pulsating air tlow due to a response difference between
rising and falling of detected tlow or to air flow dependence of
the response.

To address the above problems, a thermal air flowmeter
according to the present invention includes a heat-generating
resistor which heats tluid; a heating drive circuit which causes
current to flow in the heat-generating resistor and thereby
controls heating of the heat-generating resistor; and a tem-
perature-sensitive resistor which detects a temperature of the
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fluid heated by the heat-generating resistor. The thermal air
flowmeter has a basic structure which detects a tlow of fluid
based on the amount of heat of the fluid heated by the heat-
generating resistor; and attention 1s focused on a method that
calculates a flow correction value based on at least the
detected flow and a (temporal) variation of the detected flow
and corrects the detected flow by use of the flow correction
value. The thermal air flowmeter has at least any one of the
following features.

The thermal air flowmeter according to a first invention 1s
characterized by calculating the flow correction value based
on a temporal variation of the detected flow and on a flow
correction coellicient set according to the detected tlow.

The thermal air flowmeter according to a second mmvention
1s characterized by transforming the value of the detected
flow into a non-linear form by use of a transform factor
dependent on the value of the detected flow and calculating
the flow correction value based on a temporal variation of the
transformed detected tlow.

The thermal air flowmeter according to a third invention 1s
characterized by calculating the flow correction value by use
of an arithmetic expression including a term of temporal
variation of the detected flow and a term of differentiation of
second or higher order using time of the detected flow as a
variable.

With the mventive thermal air flowmeters, in an engine
system having a large pulsating air flow, an air tlow can be
accurately detected. Further, an air flow can be acquired with-
out impairing the reliability of the detection element while a

high response 1s achieved and also the detected wavetorm 1s
hardly distorted.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 15 a view 1illustrating a configuration of an air flow
measuring system with a thermal air flowmeter according to
a first embodiment.

FIG. 2 1s a plan view of a tlow detecting element illustrated
in FIG. 1.

FIG. 3 15 a cross-sectional view of the flow detecting ele-
ment illustrated 1n FIG. 2.

FIG. 4 1s a schematic cross-sectional view showing a state
in which the thermal air flowmeter according to the present
embodiment 1s actually mounted and used 1n a vehicle.

FIG. 5 1s a view showing waveforms, during flow pulsa-
tion, of an actual air flow around the thermal air flowmeter 1n
an actual usage state and of a tlow detected by a conventional
thermal air flowmeter.

FIG. 6 1s a block diagram 1llustrating a configuration of a
characteristic adjusting circuit of the thermal air flowmeter
illustrated in FIG. 1 and a configuration of an engine control
apparatus, and a flowchart of a response compensations cal-

culating circuit of the thermal air flowmeter 1llustrated 1n FI1G.
1.

FIG. 7 1s a view showing a step response characteristic of
the response compensations calculating circuit according to
the present embodiment; FIG. 7(A) 1s a waveform chart when
the detected flow 1s varied stepwise; FIG. 7(B) 1s a wavelorm
chart showing an output of a response compensations filter 60
in the state of FIG. 7(A); and FIG. 7(C) 1s a wavelorm chart
showing a waveform after correction of the detected tlow
when the response compensations filter 60 showed 1n FIG.
7(B) 1s used.

FIG. 8 1s a wavetorm chart when the thermal air flowmeter
according to the present embodiment 1s used 1n a state where
the thermal air flowmeter 1s actually mounted 1n an engine.
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FIG. 9 1s a view showing detected error characteristics of
the air flowmeter relative to the magnitude of flow pulsation.

FIG. 10 1s a wavelorm chart of the thermal air flowmeter
when a slight disturbance of air flow occurs 1n a bypass route.

FIG. 11 1s a block diagram illustrating a configuration of a
characteristic adjusting circuit of a thermal air flowmeter
according to a second embodiment and a configuration of an
engine control apparatus.

FI1G. 12 1s a block diagram illustrating a configuration of a
characteristic adjusting circuit of a thermal air flowmeter
according to a third embodiment and a configuration of an
engine control apparatus.

FIG. 13 1s a view 1llustrating a configuration of an air flow
measuring system with a thermal air flowmeter according to
a fourth embodiment.

FI1G. 14 1s a wavelorm chart when the thermal air flowme-
ter illustrated in FIG. 13 1s used 1n a state where the thermal air
flowmeter 1s actually mounted 1n an engine.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The inventive thermal air flowmeter will be described with

reference to the drawings showing some embodiments
thereof.

First Embodiment

FIG. 1 1s a view 1illustrating a configuration of an air flow
measuring system with a thermal air flowmeter according to
the present embodiment. The air flow measuring system
includes an air flowmeter (thermal air flowmeter) 1, an engine
control apparatus 2 and a power supply 3 which drives these
apparatuses. The thermal air flowmeter 1 includes a flow
detecting element 4 which detects an air tlow and converts the
air flow into an electric signal, a drive circuit (heating drive
circuit) 5 which causes current to tlow 1n a heater resistor
(heat-generating resistor) 7 and thereby controls heating of
the heat-generating resistor, and a characteristic adjusting,
circuit (tlow calculating means) 6 which corrects the electric
signal detected by the flow detecting element 4 so that con-
stant 1nput-output characteristics are provided.

The flow detecting element 4 includes the heater resistor
(heat-generating resistor) 7 and a non-heated resistor (tem-
perature-sensitive resistor) 9; and these resistors are con-
nected to the drive circuit 5. When current 1s supplied from the
drive circuit 5 described later to the heater resistor 7, the
heater resistor 7 generates heat so that flmid (air) around the
resistor 7 1s heated to at least a temperature higher than the
ambient air temperature. The non-heated resistor 9 1s used to
detect a temperature of fluid heated by the heater resistor 7;
and heating of the heater resistor 7 1s controlled by the drive
circuit 5 so that the detected temperature has a constant value.

The flow detecting element 4 further includes temperature
sensors (temperature detecting resistors) 11 and 12 arranged
near a downstream side of the heater resistor 7 and tempera-
ture sensors (temperature detecting resistors) 13 and 14
arranged near a upstream side of the heater resistor 7; and
these are connected through a constant voltage power supply
26, constituting a bridge circuit 45.

The drive circuit S includes fixed resistors 8 and 10 and a
differential amplifier 15 arranged in the mnner side of the drive
circuit 5, and constitutes a heater control circuit which con-
trols heating of the heater resistor 7. Current from the differ-
ential amplifier 15 1s supplied to the heater resistor 7 by the
drive circuit 5, and heating of the heater resistor 7 1s con-
trolled based on a detected temperature of the non-heated
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resistor 9 so that the heating temperature of the heater resistor
7 has a constant value relative to the ambient air (fluid) tem-
perature.

In this way, based on a variation from the equilibrium state
of the bridge circuit 45, a variation (the amount of heat) of
temperature distribution of fluid caused by the heater resistor
7 between the temperature sensors 1s detected as a tlow (de-
tected tlow Q) of fluid. When the tlow of air varies, a variation
of thermal effect exerted on the temperature sensors by the
heater resistor 1s captured, whereby a voltage signal depen-
dent on air flow and direction 1s acquired.

FIG. 2 1s a plan view of the flow detecting element 4; and
FIG. 3 1s a cross-sectional view of the flow detecting element
4. The heater resistor 7 has a folded shape of oblong resistor,
and the temperature sensors 11,12, 13 and 14 are arranged 1n
both sides thereof.

The heater resistor 7 and the temperature sensors 11,12, 13
and 14 are etched from the rear surface of a silicon substrate
41, for example, and are arranged 1n a diaphragm structure
umt 40 having a small thermal capacity. The non-heated
resistor 9 1s arranged 1n a place which 1s hardly affected in
temperature by heating of the heater resistor 7. These parts are
connected through, for example, a gold wire bonding to a
wiring portion 42 so as to be electrically connected to the
circuit section. Further, the places 1n which the patterns of the
temperature sensors 11, 12, 13 and 14 and the non-heated
resistor 9 are arranged have a greatest thickness. According to
the present embodiment, a potential at the center of the bridge
constituted of the temperature sensors 11, 12, 13 and 14 1s
supplied to the characteristic adjusting circuit 6.

The characteristic adjusting circuit 6 1s used to correct the
clectric signal (detected tlow) detected by the flow detecting
clement 4 to calculate a flow, and 1includes an analog/digital
converter circuit 16, a response compensations calculating
circuit 17, an output adjustment calculating circuit 18 and a
digital/analog converter circuit 19.

The analog/digital converter circuit 16 reads a voltage
value dependent on flow and converts the voltage value 1nto a
digital value, which 1s outputted to the response compensa-
tions calculating circuit (flow correction value calculating
means) 17. The response compensations calculating circuit
17 calculates a tlow correction value used to compensate the
response of the sensors (the processing will be described 1n
detail later). Thereafter, 1n the output adjustment calculating
circuit (flow correction means) 18, the detected flow 1s cor-
rected based on the flow correction value so that the detected
flow Q 1s corrected, and the corrected tlow are adjusted to
specific mput-output characteristics. The adjusted digital
value 1s converted mto an analog signal by the digital/analog
converter circuit 19; thereatter, the analog signal 1s outputted
as an output signal Vout of the thermal air flowmeter 1 to the
engine control apparatus 2.

The characteristic adjusting circuit 6 further includes: a
memory circuit 20 used to store compensation data and
adjustment data for calculations by the response compensa-
tions calculating circuit 17 and the output adjustment calcu-
lating circuit 18; and a power supply circuit 21 which supplies
power to the above described circuits.

The output signal Vout of the thermal air tlowmeter 1 1s sent
to an analog/digital converter circuit 22 in the engine control
apparatus 2 and converted 1nto a digital signal and then con-
verted 1into a flow, whereby a flow signal Qout 1s acquired. An
engine control calculating circuit 24 performs an arithmetic
processing using this tlow signal Qout, whereby an optimal
fuel 1mjection quantity 1s determined. The engine control
apparatus 2 further includes a power supply circuit 25 which
supplies power to the above described circuits.
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FIG. 4 1s a schematic cross-sectional view showing a state
in which the thermal air flowmeter according to the present
embodiment 1s actually mounted and used 1n a vehicle. The
thermal air flowmeter 1 1s mounted 1n a manner inserted 1n an
air passage pipe (intake pipe) 51; and the thermal air flow-
meter 1 1s secured by a flange 59 to the air passage pipe 31.

A circuit substrate 56 having mounted thereon the flow
detecting element 4 and circuit parts 57 1s mounted 1n a
housing 58 of the thermal air flowmeter 1. Airtflow 52 tflowing,
in the intake pipe 1s distributed through an air intake port 53 to
the iner side of the thermal air flowmeter and passes through
a bypass route 54 and then goes over the detection element 4
and 1s returned through a bypass exit 55 to the inner side of the
main route pipe.

In such actual usage environment, a pulsing flow produced
by the engine may affect detection characteristics of the ther-
mal air flowmeter. Here, detection characteristics of the con-
ventional thermal flowmeter will be briefly described below
with reference to FIG. 3.

FIG. 5 1s a view showing comparison of wavelforms during
flow pulsation made between an actual air flow around the
thermal air flowmeter 1n an actual usage state and a detected
flow (flow signal Qout calculated 1n the above described
engine control apparatus) detected by the conventional ther-
mal air flowmeter.

Waveform W1 represents a real flow wavelform, and wave-
form W2 represents a wavelform of detected tlow signal
acquired from the output of the flowmeter. These illustrated
wavelorms indicate a case where a flow containing a pulsat-
ing air flow component pulsates so much that the flow
becomes smaller than zero (that 1s, a reverse tlow occurs
instantancously).

When such air tlow 1s detected by the thermal air flowme-
ter, a signal like the waveform W2 1s acquired due to a
response delay. This signal wavelform W2 1s different from
the wavelform W1 being a real value not only in that the
amplitude 1s smaller and the phase deviates.

More specifically, the first difference lies 1n that the rising
part Ul of the waveform 1s steeper than the falling part D2
thereol which 1s a characteristic of the wavetorm. The reason
for this difference lies 1n that the heating speed of the heater
resistor 7 1s not symmetrical with the heat radiation speed
thereot. That 1s, the heater resistor 7 1s heated by the dnive
circuit of the heater resistor 7 in the thermal air flowmeter, but
the heater resistor 7 1s, as described above, cooled down by
heat radiation.

The second difference lies 1n that a difference of response
exists between high flow and low flow; waveform part D3 of
low flow 1s gentler than waveform part D2 of high flow and
thus the response of low flow 1s more delayed than that of high
flow. This 1s because the amount of heat dissipating from the
heater resistor 7 depends on air tlow; as the flow becomes low,
heat dissipates less. Accordingly, a difference occurs between
average value (average tlow) Al of the real tlow s1ignal wave-
form W1 and average value (average tlow) A2 of the detected
wavelorm W2 of the thermal air flowmeter; this difference
creates a detection error.

FIG. 6 1s a block diagram 1llustrating a configuration of the
characteristic adjusting circuit 6 of the thermal air flowmeter
1 1llustrated in FIG. 1 and a configuration of the engine
control apparatus 2 along with a flowchart of the response
compensations calculating circuit of the thermal air flowme-
ter 1llustrated in FIG. 1. Here, an 1llustration of the memory
circuit 20 and the power supply circuits 21 and 25 1s omitted.

The response compensations calculating circuit 17 accord-
ing to the present embodiment 1s constituted of a response
compensations filter 60, in which when the symbol Q denotes
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an mput signal (detected tlow) converted from analog to
digital form, the symbol a denotes a tlow correction coetli-
cient and the symbol dQ/dt denotes a temporal variation of the
detected flow (a value obtained by differentiating the detected
flow by using time as a variable), the tlow correction coetli-
cient a 1s multiplied by the temporal variation dQQ/dt of the
detected tlow by use of an arithmetic expression for flow
correction value, described below as formula (1), so that a
flow correction value ca 1s calculated.

ca=axdQ/dt (1)

In this way, the response compensations filter 60 calculates
the flow correction value based on the temporal variation
dQQ/dt of the detected flow, 1.e., based on a variation (temporal
variation) obtained by applying diflerentiation of first order to
the detected tlow (anput signal) using time as a variable. Thus,
the detection response can be improved.

Also, this flow correction coelficient a 1s set according to
the value of the tlow signal (detected tlow) Q. That 1s, data of
the flow correction coetlicient a 1s held 1n a correction table th
of the memory circuit 20 to allow a diflerent constant to be
selected according to increasing and decreasing of the
detected tlow QQ and outputted to the response compensations
filter 60.

In this correction table tb, data of the flow correction coet-
ficient a dependent on the detected flow 1s, as 1llustrated 1n
FIG. 6, held for both a case where the variation (dQ/dt) of the
detected tlow 1s positive (1.e., when the detected flow
increases) and a case where the variation (dQ)/dt) of the
detected flow 1s negative (1.e., when the detected flow
decreases). For example, when the variation of the detected
flow 1s negative and the detected tlow Q 1s smaller than Q2
and equal to or greater than Q1, the flow correction coetficient
a 1s set to aml; and when the variation of the detected tlow (@
1s positive and the detected tlow QQ 1s smaller than Q3 and
equal to or greater than QQ2, the flow correction coellicient a 1s
set to ap2.

As 1llustrated 1n FIG. 6, 1irrespective of whether the varia-
tion (dQ/dt) of the detected tlow 1s positive (1.e., the detected
flow increases) or the variation (dQQ/dt) of the detected flow 1s
negative (1.e., the detected flow decreases), the tflow correc-
tion coefficient (aml>am2>. .. >amn, apl>ap2>...>apn) 1s
set so that the flow correction coelfficient a increases as the
value (magnitude) of the detected flow (Q becomes smaller.
Accordingly, as will be described later, 1t 1s possible to sup-
press a greater response delay in low flow relative to high
flow, which 1s a characteristic peculiar to the flow detecting
clement of the thermal air flowmeter.

Further, the flow correction coetficient 1s set so that, when
the detected flow 1s 1n the same range, or have the same value,
the flow correction coeltlicient in a case where the variation of
the detected tlow Q 1s positive (dQ/dt>0), 1s smaller than the
flow correction coellicient 1n a case where the variation of the
detected flow Q 1s negative (dQ/dt<0) (that 1s, am1>apl,
am2>ap2, . . . amn>apn). For example, the flow correction
coellicient 1s set so that the flow correction coellicient ap2 for
a case where the detected flow Q 1s smaller than Q2 and equal
to or greater than (Q1 and the vanation of the detected tlow Q)
1s positive (dQ/dt>0), 1s smaller than the flow correction
coellicient am2 for a case where the variation of the detected
flow Q 1s negative (dQ/dt<0) (am1<apl). Accordingly, as will
be described later, 1t 1s possible to suppress a difference of
response (response delay during falling) between rising and
falling of the detected tlow QQ, which 1s a characteristic pecu-
l1ar to the tlow detecting element of the thermal air flowmeter.

The flow correction coeflicient a 1s, as described above, set
according to the detected tlow; but the above tflow correction
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coellicients may be set based on experiments or analyses so
that the detected wavetorms are made closer to wavetforms of
the real value, depending on the vanation (ri1sing and falling
of waveform) of flow and the magnitude of flow.

Using this correction table tb, the flow correction value ca
1s calculated. More specifically, in step 61, as a compensa-
tions processing operation (flow correction value calculating,
processing), firstly a tlow value determination processing 1s
performed using a recerved flow signal (detected flow) Q and
a variation signal of detected flow (variation of detected tlow)
dQQ/dt; 1n the tflow value determination processing, it 1s deter-
mined in which range the detected tlow Q falls and whether
the variation (temporal vanation) of the detected flow Q 1s
positive or negative.

Subsequently, 1n step 62, a response compensations con-
stant (flow correction coetlicient) prestored in the memory
circuit 20 1s selected according to the ranges of the tlow signal
Q1 (lowest tlow) to the tlow signal Qn (highest flow) and the
flow variation signal (variation of flow) dQ/dt stored in the
correction table tb.

For example, when the vanation of the detected flow (d()/
dt) 1s negative (1.e., when the detected flow decreases ) and the
detected flow (Q 1s smaller than Q2 and equal to or greater than
Q1, then the value of am1 is selected as the tlow correction
coellicient a; when the detected tlow Q 1s equal to or smaller
than the highest flow Qn and equal to or greater than flow
Qn-1, the value of amn 1s selected as the flow correction
coellicient a. In this way, the compensations constant select-
Ing processing 1s executed.

Thereafter, the operation proceeds to step 63, 1n which the
response compensations calculating processing 1s executed
(the flow correction value ca 1s calculated) based on the
selected flow correction coeflicient a and the variation of
detected flow dQ/dt (more specifically, by multiplying these
variables). Accordingly, the characteristic of the filter can be
set so that the magnitude of response compensations varies
according to the detected tlow. Then, 1n the output adjustment
calculating circuit 18, the detected flow Q) 1s corrected based
on the flow correction value ca (more specifically, the cor-
rected flow Qa 1s calculated by adding the detected flow Q to
the tlow correction value ca.) With the above configuration,
an optimum magnitude of response compensations can be set
depending on the rising and falling of wavetorm and the value
of flow.

FI1G. 7 1s a view showing a step response characteristic of
the response compensations calculating circuit according to
the present embodiment; FIG. 7(A) 1s a wavetorm chart when
the mput signal (detected flow) Q of the response compensa-
tions filter 60 1s varied stepwise. Referring to FIG. 7(A),
wavelorm Qa indicates a wavelorm of the step input signal in
the lower tlow side, and wavetform Qb indicates a waveform
of the step 1put signal 1n the higher flow side. The 1mput
signals having the same amplitude are supplied.

FIG. 7(B) shows an output of the response compensations
filter 60 1n the case of FIG. 7(A). As described above, 1n the
correction table, the response compensations constant (flow
correction coellicient) 1n the lower flow side 1s set greater and
the response compensations constant (flow correction coetii-
cient) in the higher flow side 1s set smaller, and the correction
constant 1s set greater in falling than in rnising. Thus, the
wavelorm of the output value (flow correction value) ca after
execution of the response compensations 1s a wavelform caain
the lower tlow side, and a waveform cab 1n the higher flow
side; a different diflerential wavelorm 1s provided depending
on the detected flow Q and the direction of variation of the
detected flow.
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FIG. 7(C) shows a waveform after correction of the
detected flow when the response compensations filter shown
in FIG. 7(B) 1s used. When the response compensations cal-
culating circuit according to the present embodiment 1s not
used, the detected wavetorm Qout 1s a waveform Wb 1n high
flow, and a wavetorm Wa 1n low flow. In both the waveforms,
a delay caused by a response delay of the flow detecting
clement1s observed, and a difference 1n the magnitude of flow
and a difference 1n rising and falling are also observed. How-
ever, when the response compensations calculating circuit
according to the present embodiment 1s used to correct the
detected tlow, the detected wavelorm Qout 1s a wavelform
Wcb 1n hugh flow, and a wavetorm Wca in low tlow; thus, as
a result of improving the response, wavetorms closer to the
real-value waveforms Qa and (Qb are acquired, not depending
on the value of flow and the rising and falling of flow.

FIG. 8 shows a wavetorm when the thermal air flowmeter
according to the present embodiment 1s used 1n a state where
the thermal air flowmeter 1s actually mounted in an engine.
While the waveform of the real air flow 1s W1, the wavelorm
ol the detected flow Qout obtained by use of the conventional
thermal air flowmeter 1s W2. However, when the thermal air
flowmeter according to the present imvention 1s used, the
wavelorm of the detected flow Qout 1s W3; the response 1s
improved and the distortion of wavetorm 1s also improved. As
a result, the average value (average flow) A3 of the detected
flow 1s closer to the average value Al of the real air tlow,
allowing more accurate flow detection with little error 1n an
actual usage state having a large tlow pulsation, relative to the
average value A2 with no correction.

According to the present embodiment, the response com-
pensations filter constant (flow correction coelficient) 1s
selected based on a combination of information on rising and
falling of waveform and information on the air flow value
(detected flow). However, 1t 1s clear that, when the tlow cor-
rection coetlicient 1s set and selected based only on the 1infor-
mation on rising and falling of wavetorm, or when the flow
correction coefficient 1s set and selected based only on the
information on the air flow value so that the detected tlow ()
1s corrected, a degree of advantage 1s achieved.

FIG. 9 15 a view showing detected error characteristics of
the air flowmeter relative to the magnitude of flow pulsation.
The abscissa represents a tflow pulsation factor indicating a
ratio of the amplitude of flow pulsation to the average value of
air tlow, and the ordinate represents a difference between the
average value of the real air flow and the average value of the
air flow s1ignal Qout calculated 1n the engine control apparatus
based onthe signal from the thermal air flowmeter. The region
in the right side of FI1G. 9 indicates a case where a larger flow
pulsation exists; when a given value 1s exceeded, a reverse
flow occurs. In the case of the real value, the value of error 1s
zero, rrespective of the tlow pulsation factor.

The flow pulsation error characteristic (not corrected)
betfore execution of the response compensations according to
the present embodiment varies, as indicated by the broken
line, according to the flow pulsation factor and exhibits a large
error, particularly in the higher-flow pulsation region. How-
ever, the characteristic (corrected) after execution of the
response compensations according to the present embodi-
ment exhibits, as a result of improving the detected wave-
form, little error 1n the region having a greater flow pulsation
factor.

When the above configuration 1s used, an advantage 1s
expected to be achieved 1n that errors dependent on various
detected wavetorm distortions caused by the response or the
heat radiation characteristics of the detesting element are
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reduced, and particularly the characteristic during large tlow
pulsation 1s significantly improved.

FIG. 10 1s a waveform chart of the thermal air flowmeter
when a slight disturbance of air flow occurs 1n a bypass route.
When no correction 1s made, a disturbance occurs, as seen 1n
the waveform W2 of flow, 1n the detected wavetorm of the
flowmeter. In the case of such waveform having a distur-
bance, also, when an optimum flow correction coelficient by
the response correction as illustrated 1in FIG. 6 1s set and
selected, and the flow correction value ca 1s calculated to
correct the detected flow Q), then the waveform W3 1s pro-
vided as the wavetorm of flow after execution of correction,
and thus an more accurate value with little error 1s detected as
the average flow A3.

Second Embodiment

FIG. 11 1s a block diagram illustrating a configuration of a
characteristic adjusting circuit of a thermal air flowmeter
according to a second embodiment and a configuration of an
engine control apparatus. Only the difference from the first
embodiment will be described below, and a detailed explana-
tion of the same configuration of the second embodiment as
the first embodiment 1s omitted.

According to the present embodiment, in the configuration
ol the response compensations filter 60A, a table as used 1n
the first embodiment 1s not used, but a differential equation of
second order (arithmetic expression) 1s used which includes a
term of a variation of the detected tlow Q (differentiation of
first order) and a term of differentiation of second order using
time of the detected tlow Q as the variable, whereby the flow
correction value 1s calculated. More specifically, according to
the present embodiment, the flow correction coelficient a 1s
not set using the correction table as described in the first
embodiment, but the flow correction coeflicient a for the
variation of the detected flow 1s set to a constant value, and
instead the term of bxdQ?/dt* obtained by applying differen-
tiation of second order to the detected tflow using time as the
variable 1s, as shown 1n formula (2), added to the arithmetic
expression for the tlow correction value. Here, b 1s a flow
correction coellicient and has a constant value.

ca=axdQ/dt+bxd Q% /dr? (2)

An optimum value 1s preliminarily set to the flow correc-
tion coellicient a and b based on experiments or the like, so
that tflow dependence of the response compensations value
(correction value) 1s implemented. When this response cor-
rection by this arithmetic expression 1s used, an advantageous
elfect 1s achieved by which the response compensations value
can be varied according to the flow value while the memory
capacity 1s reduced, thus allowing reduction of the detection
error during flow pulsation.

According to the present embodiment, the flow correction
values a and b are constant numbers; but the flow correction
value a may be set, as described 1n the first embodiment, using,
the correction table tb based on the variation of the detected
flow and the s1gn of temporal variation o the detected tlow; 1n
this case, the flow can be measured more accurately. Further,
according to the present embodiment, 1t 1s clear that the
calculation may be made using a formula including a term of
differentiation of second or higher order.

Third Embodiment

FI1G. 12 1s a block diagram illustrating a configuration of a
characteristic adjusting circuit of a thermal air flowmeter
according to a third embodiment and a configuration of an
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engine control apparatus. Only the difference from the first
embodiment will be described below, and a detailed explana-
tion of the same configuration of the third embodiment as the
first embodiment 1s omaitted.

The difference of the present embodiment from the first
embodiment lies 1n that a non-linear transform circuit (non-
linear transform means) 86 used to transform the detected
wavelorm of the detected flow into a non-linear form 1s
arranged 1n a stage preceding the response compensations
filter 60B and 1n that a non-linear inverse transform circuit 87
used to perform inverse transform 1s arranged 1n a stage
tollowing the response compensations filter 60B.

Firstly the non-linear transform circuit 86 multiplies the
value of the detected flow Q by a transform factor dependent
on the value of the detected tlow Q (that 1s, a transform factor
varying according to the detected flow ), whereby the value
of the detected flow Q) 1s transformed into a non-linear form.
More specifically, the transform factor 1s set so that, as the
value of the detected tlow Q becomes greater, the value (>1)
of the transform factor decreases; thus the detected flow Q 1s
converted to Qf.

As a result, the curve characteristic of waveform of the
detected tlow Q) 1s converted so that, as the detected tlow @
becomes higher, the variation of flow decreases; thus the
converted detected flow Qf has a characteristic in which the
characteristic curve inputted 1n the response compensations
filter 60B varies more 1n low tlow, but varies less 1n high tlow.

Subsequently, the response compensations filter (correc-
tion value calculating means) calculates the flow correction
value ca based on the temporal variation (dQ1/dt) of the con-
verted detected tlow Q1. Due to the above described conver-
s10n (calculation for the response compensations filter) of the
variation (dQ{1/dt) by the non-linear transform circuit 86, a
greater tlow correction value ca 1s provided in high flow than
in low flow, and a greater amount of compensations 1s made 1n
low flow.

Then, the non-linear inverse transtform circuit 87 inverse-
transiorms the transformed detected flow Q1 into the detected
flow Q, and the output adjustment calculating circuit (flow
correction means) 18 corrects the detected flow QQ based on
the flow correction value ca.

When the above described configuration 1s used, also, the
response compensations value can be varied according to the
value of flow by use of a relatively simpler configuration, so
that an advantageous effect 1s achieved which allows reduc-
tion of detection error during flow pulsation.

Fourth Embodiment

FIG. 13 1s a view 1llustrating a configuration of an air tlow
measuring system with a thermal air flowmeter according to
a fourth embodiment. The difference of the thermal air flow-
meter 1llustrated in FIG. 13 from the first embodiment lies in
the configuration of the flow detecting element. Only the
difference from the first embodiment will be described below,
and a detailed explanation of the same configuration of the
fourth embodiment as the first embodiment 1s omitted.

A flow detecting element 4 A of a thermal air flowmeter 1A
according to the present embodiment does not include the
bridge circuit 45 of the first embodiment. A heat-generating
resistor 90 and an air temperature detecting resistor (tempera-
ture-sensitive resistor) 91 are used; heating control i1s per-
formed based on the output value of the air temperature
detecting resistor 91 by the drive circuit 3 so that the heat-
generating resistor 90 1s higher in temperature by a constant
value than an air temperature (fluid temperature), whereby an
air tlow 1s detected from the amount of heating current used to
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compensate for the amount of heat which 1s lost from the
heat-generating resistor 90 according to the air flow. The
thermal air flowmeter according to the present embodiment
cannot detect a direction of tlow.

When the thermal air flowmeter according to the present
embodiment which cannot detect a reverse flow 1s used, while
the real air flow waveform 1s W1 as illustrated in FI1G. 14, the
detected signal Qout has a wavelform W3 obtained by use of
the thermal air flowmeter of this embodiment 1n which the
response 1s improved and the distortion of wavetorm 1s also
improved relative to the wavetorm W2 obtained by use of the
conventional thermal air flowmeter. Accordingly, the average
value (average flow) A3 of the detected tlow 1s closer to the
average value Al of the real air tflow, allowing more accurate
flow detection with little error in an actual usage state having
a large tlow pulsation relative to the average value A2 (not
corrected).

The embodiments of the present mvention have been
described 1n detail with reference to the drawings. Specific
configurations are not limited to these embodiments; an
embodiment with design modifications applied thereto with-
out departing from the gist of the invention can also be
included 1n the technical scope of the invention.

In the first embodiment, setting 1s made using the correc-
tion table. However, the flow correction coelfficient may be
determined using an arithmetic expression composed of a
function 1n which the detected flow and the variation of the
detected flow are used as two variables.

The present invention 1s applicable to apparatuses requir-
ing high reliability, including an apparatus used to detect an
air flow and an air temperature as used 1n, for example, an
airplane or ship, and an apparatus used to detect a tlow of, for
example, hydrogen or the like which 1s a medium other than
air.

What 1s claimed 1s:

1. A thermal air flowmeter comprising: a heat-generating
resistor which heats fluid; a heating drive circuit which causes
current to flow in the heat-generating resistor and thereby
controls heating of the heat-generating resistor; and a tem-
perature-sensitive resistor which detects a temperature of the
fluid heated by the heat-generating resistor, the thermal air
flowmeter detecting a flow of the fluid based on the amount of
heat of the fluid heated by the heat-generating resistor,

wherein the thermal air flowmeter includes: flow correc-
tion value calculating means which calculates a flow
correction value based on a variation of the detected flow
and on a flow correction coetlicient set according to the
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detected flow; and flow correction means which corrects
the detected tlow based on the flow correction value.

2. The thermal air flowmeter according to claim 1, wherein
the flow correction coelficient 1s set so that, as the value of the
detected flow becomes smaller, the flow correction coetficient
1ncreases.

3. The thermal air flowmeter according to claim 1, wherein
setting 1s made so that the flow correction coelficient in a case
where the variation of the detected tlow 1s positive, 1s smaller
than the flow correction coelficient in a case where the varia-
tion of the detected tlow 1s negative.

4. The thermal air flowmeter according to claims 1,
wherein an arithmetic expression for calculating the flow
correction value further includes a term of differentiation of
second or higher order of the detected tlow.

5. A thermal air flowmeter comprising: a heat-generating,
resistor which heats fluid; a heating drive circuit which causes
current to tlow in the heat-generating resistor and thereby
controls heating of the heat-generating resistor; and a tem-
perature-sensitive resistor which detects a temperature of the
fluid heated by the heat-generating resistor, the thermal air
flowmeter detecting a flow of the fluid based on the amount of
heat of the fluid heated by the heat-generating resistor,

wherein the thermal air flowmeter includes: non-linear

transform means which transforms a value of the
detected flow into a non-linear form by use of a trans-
form factor dependent on the value of the detected tlow;
flow correction value calculating means which calcu-
lates a flow correction value based on a variation of the
detected flow transformed; and flow correction means
which corrects the detected tlow based on the tlow cor-
rection value.

6. A thermal air flowmeter comprising: a heat-generating
resistor which heats fluid; a heating drive circuit which causes
current to tlow in the heat-generating resistor and thereby
controls heating of the heat-generating resistor; and a tem-
perature-sensitive resistor which detects a temperature of the
fluid heated by the heat-generating resistor, the thermal air
flowmeter detecting a flow of the fluid based on the amount of
heat of the fluid heated by the heat-generating resistor,

wherein the thermal air flowmeter includes: tlow correc-

tion value calculating means which calculates a flow
correction value by use of an arithmetic expression
including a term of variation of the detected tflow and a
term of differentiation of second or higher order of the
detected flow; and flow correction means which corrects
the detected flow based on the flow correction value.
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